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Process for preparing 
3-ainino-4 , 4 , 4-trif luorocrotonic esters 

Description 

The present invention relates to a process ror 
preparing 3-amino-4 , 4 , 4-trif iuorocrotonic esters or rhe 
E/Z-isomers or tautomeric forms thereof. 



These 3-amino-4 , 4 , 4 -tr if luorocrotonic esters are impor- 
tant intermediates . for the preparation of biologically 
active substances, especially of crop protectants (cf. 
US 6,207,830 and JP 2002-003480). 

The preparation of 3-amino-4 , 4 , 4-trif luorocrotonic 
esters is known in principle. For example, 4,-4,4-tri- 
f luoroacetoacetic esters can be reacted with amines 
under dehydrating- conditions, optionally in the 
presence of an acid. In this case, a salt of the 
formula (III) may occur as an intermediate. 




(10) 



Such reactions are. described, for example, rn 

WO 99/24 390, EP-A 808 826, JP-A 06321877, 

Jp-A 05140060 or A.N. Fomin et ■ al . , Zh. Org. Khim. 22, 
1603 (1986) . 



All of these known process variants are based on the 
use of an isolated tr if luoroacetoacetic ester, ror 
example the methyl or ethyl ester. Although they are 
commercially available, such tr if luoroacetoacetic 
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esters have high preparation costs and a high market 
price owing to their very complicated purification 
which includes the removal or conversion of hydrates, 
hemiacetals and acetals (cf. US 4,647,589 and 
EP-A 206 953 and literature cited therein) . This 
circumstance leads to high preparation costs for the 
corresponding 3-amino-4, 4, 4-trif luorocrotonic esters 
and the end products prepared therefrom, so that the 
economic viability of these active ingredients is 
placed in doubt. 

It is therefore an object of the present invention to 
develop an economically viable process for preparing 
3-amino-4, 4, 4-trif luorocrotonic esters of the general 
formula (I) 




(3) 



where 

and = H, optionally substituted linear Ci-C^-alkyl 
radical or benzyl radical 
and 

R^ = methyl or ethyl, 

which does not have the disadvantages of the prior art 
mentioned, and instead can be used, starting from 
inexpensive raw materials and using uncomplicated 
apparatus, ' to prepare the corresponding 3-amino- 
4 , 4 , 4-trif luorocrotonic esters in high yields and in an 
inexpensive manner . 



According to the invention, this object is achieved by 



a) reacting an alkyl trif iuoroacetate with an alkyl 



acetate of the formula CHs-CO-OR^ and an alkali 
metal alkoxide to give an enolate of a tri- 
f luoroacetoacetic ester of the formula (II) 




F 

H 



where 

M = Na or K 
and 

is as defined above, 
and subsequently 

b) allowing the. alkali metal . enolate ' of the fri- 
f luoroacetoacetic ester from stage a) ' without 
further purification to react directly with- an 
amine of the formula NHR^R^ where and R^ are each 
as defined above, in the presence of an acid to 
• give the 3-amino-4 , 4 , 4-trif luorocrotonic ester. 

It has been found that, surprisingly, with the aid of 
the inventive two-stage reaction, the 3-am.j.no- 
4 ^ 4 ^ 4_trif luorocrotonic esters of the formula. (I) can 
be prepared in high yields without significant 
by-products. A particularly surprising fact is" that 
these reactions can also be carried out without losses 
as a ^^one-pot variant''. 

In the first stage a) of the process according to the 
present invention, an alkyl trif luoroacetate is reacted 
with an alkyl acetate ^ in the presence of an alkali 
metal alkoxide in a manner known per se '(cf. J. Burden 
et al,. Tetrahedron 20, 2163 (1964))'. 



In this reaction, preference is given to a molar ratio 
of . alkyl trif luoroacetate to alkyl acetate of from 1:1 
to 1:5, and excess alkyl acetate may serve as a 
solvent. The alkyl trif luoroacetates and alkyl acetates 
used are preferably the methyl esters or ethyl esters. 

Reaction stage a) proceeds with addition of from 0.9 to 
3 mol, preferably from 1.0 to 1.5 mol, of an alkali 
metal alkoxide per mole of-' alkyl trif luoroacetate . The 
alkali metal alkoxide may be used in solid form or as 
an alcoholic solution. Preference is given to sodium 
methoxide, sodium ethoxide, potassium methoxide and 
potassium ethoxide , ■ and a preferred alkoxide is that of 
the alcohol corresponding to the esters. The reaction 
can proceed at a temperature of from 0 to 100°C.- In 
reaction stage a) , a suspension or solution of an 
alkali metal enolate of the trif luoroacetoacetic ester 
of the formula (II) ,is obtained ' 

M + 




F 

H 



where 

M = Na or K 
and - 

is as defined above: 

It is to be -regarded as essential to the invention 
that, after reaction stage a) , the trif luoroacetoacetic 
ester (or its hydrate, hemiacetals or acetals) is not,, 
as is the case in the known processes, released, 
isolated and purified, but rather the crude alkali 
metal enolate of the trif luoroacetoacetic ester is used 
directly for the subsequent reaction stage b) . In a 
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preferred embodiment, the reaction stages a) and b) are 
carried out successively in the same reaction vessel. 

In this second reaction stage b) of the process accord- 
5 ing to the invention, optionally after removal of 
excess acetic ester and/or alcohol, the resulting 
alkali metal enolate of the trif luoroacetoacetic ester 
is reacted with an amine of the formula NHR^R^ or a salt 
thereof, optionally in the presence of an acid.- 

10 

In the amines of the formula NHR^R^ R^ and R^ are each 
independently defined as follows: hydrogen, a linear 
Ci-C4-alkyl radical or a benzyl radical. The alkyl 
radical or the benzyl radical may be substituted, in' 

15 which case substituent groups are preferably linear or 
branched alkyl, alkenyl or alkynyl groups which option- 
ally include one or more heteroatoms (O, S or N) and in 
each case have at most 10 carbon atoms or heteroatoms. 
Preferred amines are ammonia, methylamine, ethylamine, 

20 benzylamine, dimethylamine and diethylamine . 

It is possible in the context of the present invention 
to use the amine as the free base in anhydrous form or 
in aqueous solution. 

25 . ' ; 

Instead of the free amine base, a salt thereof with an 
inorganic or organic acid may also be used. Preferred 
salts are the hydrochlorides, sulfates, nitrates, 
formates and acetates of the appropriate amine. 

30 

The reaction of the crude alkali metal enolate. of the 
trif luoroacetoacetic ester with the amine of the 
formula NHR^R^ is preferably carried out in the presence 
of an excess of an acid, i.e. at a pH < 7 . Preferred 
3 5 • acids are customary organic or' inorganic acids, for 
example hydrochloric acid, anhydrous hydrogen chloride, 
sulfuric acid, nitric acid,, formic acid or acetic acid. 

The use of acetic* acid and/or hydrochloric acid is to 



be regarded as preferred. 



When a salt of an amine base is used, preference is 
given to using the corresponding acid in excess. 

Per mole of originally used alkyl trif luoroacetate, 
typically from 1.0 to 10.0 mol, preferably from 1.1 to 
4.0 mol, of amine of the formula NHR^R^ (or a salt 
thereof) are used. The molar amount of the acid to be 
used- depends upon the originally used amount of the 
alkali metal alkoxide and- the amount of amine used, and 
is typically from 1.0 to 10.0 mol, preferably from 1.1 
to 4.0 mol, per mole of alkyl tr if luoroacetate used. 
Any amount of acid present in the amine salt used has 
to be taken into account here. Preference is given to 
using a molar amount of acid which is greater than the 
number which is calculated from the moles of alkali 
metal alkoxide used plus the moles of amine used minus 
the moles- of alkyl trif luoroacetate originally used." 

The reaction of the crude alkali metal enolate of the 
trif luoroacetoacetic ester with the amine in the pre- 
sence of the acid is effected typically at temperatures 
of from 20 to 200°C, in particular from 50 to leO'^C. 
Preference is given to carrying out the reaction with 
continuous removal of the water of reaction formed. 
This can be effected, for example, by distilling off 
the water of reaction at the reaction temperature, 
optionally under reduced pressure. In a particular 
embodiment, the removal of the water of reaction is 
eased by an inert azeotroping agent. Preferred 
azeotroping agents - are hydrocarbons in the boiling 
range between 50 and 150°C, for example hexane, octane, 
cyclohexane, methylcyclohexane, benzene, toluene ^ and 
xylenes. - 

The resulting reaction mixture is, optionally after an 
extraction, freed of by-products (alkali metal salts, 
amine salts and acids) by filtration and/or washing. 



and subsequently "subjected to a fractional distilla- 
tion, optionally a multistage fractional distillation, 
under atmospheric pressure or reduced pressure. 

The desired 3-amino-4 , 4 , 4-trif luorocrotonic ester is 
obtained as the distillate in good yield and high 
purity. 

The examples which follow are intended to illustrate 
the process according to the invention. 

Examples 

Example 1 

A- reaction flask inertized with nitrogen was initially 
charged with 142.1 g (1.0 mol) of ethyl . trifluoro- 
acetoacetate and 176.2 g (2.0 mol) of ethyl acetate. 
With intense cooling, 5"8.. 1 g (1.0 mol) of solid sodium 
ethoxide were added at from 18 to 20°C within 
30 minutes. The mixture • was then stirred at 30 °C for 
30 minutes and at 76°C for a further 4* hours. 

Excess ethyl acetate and ethanol formed were distilled 
off at approx. 600 mbar. The resulting brown, slurry- 
like crude sodium enolate of ethyl trif luoroaceto- 
acetate was suspended in 500 ml of cyclohexane. 

78.0. g (1.3 mol) of anhydrous acetic acid were addeo to 
this mixture. Within 1 hour, 100.9 g (1.3 mol) of 40% 
aqueous methylamine solution were metered in, in the 
course of which the temperature rose from approx. 30 to 
50°C. 

The suspension was heated to boiling, the water was 
removed from the distillate which separated, and the 
cyclohexane was returned back into the reaction 
mixture. After 5 hours, no further water separated out; 
the reaction was terminated. 



- 8 - 



At 20°C, 800 ml of water were added to the suspension, 
and a liquid biphasic system formed. The aqueous phase 
was removed; the organic phase was washed onee more 
5 with 100 ml of water and dried over sodium sulfate. 

The cyclohexane was distilled off and the product was 
then fractionated at 350 mbar/approx. 98'*C. 143 g of 
ethyl ■ 3-methylamino-4, 4, 4-trif luorocrotonate were. 
10 obtained. The yield was 73%, the gas chromatography 
purity was > 99%. 

EI mass spectrum: iM^ = 197 amu, fragments 168, 152, 150, 
138, 125, 110, 82 amu. NMR: 8.2 ppm (NH) , 4.95 ppm IH 
15 (CH) , 4.11 ppm quartet 2H (ethyl), 2.92 ppm 
doublet^quartet 3H (NCH3) , 1.3 ppm triplet 3H (ethyl), 
^^C NMR: 168 ppm (COOEt), 148 ppm 'quartet (C-NHMe) , 
120 ppm quartet (CF3) , 82 ppm quartet (CH) , 59 ppm 
(ethylO , 30 ppm quartet (CH3N) , 13 ppm (ethyl) . 

20 

Example 2 • 

142.1 g (1.0 mol) of ethyl trif luoroacetoacetate and 
17 6.2 g (2.0 mol) of ethyl acetate were reacted in a 
25 similar manner to example 1 with 68.1 g (1.0 mol) of 
solid sodium ethoxide. 

After 500 ml of cyclohexane had been added, 138 g 
(2.3 mol). of anhydrous acetic acid and 100.9 g 
30 (1.3 mol) of 40% aqueous methylamine solution were 
added. 

The suspension was heated to boiling, the water was 
removed from the distillate which separated, and the 
35 cyclohexane was returned back into the reaction 
mixture. After 4 hours, no further water separated out; 
the reaction was terminated. 

At 20°C, the resulting suspension was filtered and 
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washed twice with 100 ml each time of cyclohexane, and 
the cyclohexane was distilled off. The resulting crude 
product was fractionated at 430 mbar and approx. 120°C 
through a column having random packing. 140.4 g of pure 
5 ethyl 3-methylamino-4 , 4 , 4-trif luorocrotonate having a 
content of 98.8% were obtained. The yield was 71%. 

Example 3 

10 71.05 g {0.50 mol) of ethyl trif luoroacet ate and 88.1 g 
(1.0 mol) of ethyl acetate were reacted in a similar 
manner to example 1 with 34.05 g (0.5 mol) of solid 
sodium ethoxide and concentrated by evaporation to give 
a slurry of the sodium enolate. 

15 ■ ■ 

After 250 ml of cyclohexane had been added, 77.1 g 
(1.0 mol) of ammonium acetate and 39.0 g (0.65 mol) of 
anhydrous acetic acid were added. 

20 The -suspension was heated to boiling, the water was 
removed from the distillate which separated, and the 
cyclohexane was . returned back into the ' reaction 
mixture. After 5 hours, the reaction was terminated. 

25 300 ml of water were added and the organic phase was 
removed. From the organic phase, the cyclohexane was 
distilled off and the product was fractionated under 
reduced pressure. 57 . 0 g : of ethyl 3-aminc- 
4 , 4 , 4-trif luorocrotonate having a content of 97.4% were 

30 obtained. The yield was 62%. • 

EI mass spectrum: M"" = 183 amu . NMR : 7.6 ppm (NH) . 

4.86 ppm IH (CH) , 4.08 ppm quartet 2H (ethyl), 1.18 ppm 
triplet 3H (ethyl). ^^C NMR: 168 ppm (COOEt) , 147 ppm 
35 quartet (C-NH2) , 120 ppm broad quartet (CF3) , 82 ppm 
quartet (CH) , 5 9" ppm (ethyl), 14 ppm (ethyl). 
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